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(57) Abstract 

A CDMA demodulator which is improved in interference canceling effect even when signals are sent from 
many communicators. The demodulator receives signals sent from a plurality of communicators and having a frame 
structure in which a pilot signal having a known pattern is inserted between information signals at regular time intervals. 
The demodulator includes interference cancellers which demodulate the data transmitted from the communicators, and 
estimate interference signals. The demodulator estimates the variation of each path of the channels, performs the 
demodulation of received data, and estimates the interference signal replica. The errors of the interference signal 
replica decrease as the data pass the interference cancellers, producing a marked interference canceling effect. When 
the interference cancellation is executed after detecting the reception level of each channel from the total sum of the 
received electric power of the paths of the channels and determining the ranks of the channels in order of reception 
level, a further marked interference canceling effect is exhibited. 
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i CU2 i o-iii, a-f lof^ff urv^s/D^ittio 

*r, i«7^^2 1 i ti. #^*4*k, s*atittt 

tJ, PCHE2 10l±, I 6 i:/7t^>f n y h •> > i tifcf i 

^I60«5e^fe?r^-ro HTOfili^n? h -> > iK/uis «fc tffll »-> > 
Pi^.fctfPi+l F 5'^jJf*EW"C 3 F*&'fbLT**fc^<-f n y 

O&m&m'*? h A'Pi £ itfPi+l If $&v >#^EM»=ai3grtjf 4tm 
Uftt*ifcilT**, "<*b/USl, S2, . . . Ii % c4>A#Mtmi= 
ioTKjgLfc, #««^>#/U«S«ttffi^^ FJUfcSt. ft* CI l±> 

£ «fc -5 



WO 96/42146 



26 



PCT/JP96/015S2 



T. flm^* 7. RAKE-&&B&2 14 14, fiffiffift 

r'-**l|jfe«2 1 5 14. R A K-E-frJft 3*1 ggfcglj ■ *J^LtS4 

i^t'i; #££j£-*-& 0 ^***SE»#in«2 1 6 14, fljef-^ic, 

SB 2 1 6 Offi;fr£, #^«Sfi^-f 5 > ^fcHJH LfcaftflF-^TSittt 
LT, #/a«fMf U^'J ****^o im#S2 1 8 14. ^/U©T 

a— «f 2 Kwr*>*fcS*»Wi- -So Ti«fS2 0 4 -214, 

s#Jtikfli-f-s*»?>jt.--9 f i (D^mm^is-?') i) Sid) *ii5i<. i c 

U210-2li, ICU21.0 kHiKLt, i-f 2<DfiiS2(i) * 
ffiJe-f -O^-S-, A-lf 2 <D I C U 2 1 0 - 2^0A^Hg^-{4 % $M 
&ttffi-9*S t JfclfcL-C. SIR (Signal-to-Interference ratio) /&*|6]_tL-C 
v**o £*U4, 5£flHt-S-S3*»e>^--1f 1 O^ff-i-W; ii S ^DSrJgbBI 

Hi -* (k-l) #BO^---ifOT*M-f-U7 p ';* (SM-f-u^'; *) 
*SSL3I< fc*. SI R*JB^fct=jlS*4>i fci»T** 0 JEIT, iMf 

§2 ^f-y'Of^t >-fe;Ug& 1 0 7 {4. Hi Xf-yOfi^^ 
-f 1OICU 2 3 0 - 1 I4, fttH3E*#lftLfc£AflreSd*fe*l 
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+-+S M C) WcM-f-t-ov*-?:, I c U 2 1 0-1 fcBJfcir LT» 

I2^f-/«i-f2 0 ICU230-2fc. t2^f-->'T-**/: 
0 1 ^-•ifcoTSMt-si-l':/'; # £:> & 1 J*-r- *>£fir 3 
KIM a- -if S T-OT^'fi^-UT''; * tO*jfp, Si< 2 > +S 3 (D + — +S 
m (1 > *S«OTSd *fe2£L5lv>fc«-S-fc*frL-c, H*OftItffv\ £ 

Si(2) +S 2 < 2 > +-+S M -i«> *Stt*Sd *<b£Lg|v»fc«-§-K*j-L-c, 

mam^L\ t»i£tta£%*iK touts*.*. 

H8(i, *ltlS«tcJ:4>CDMAafli6iHw*»t*¥*&^y H7-1/ 
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^t, $t$&ti„ Eb/No(energy per bit to noise spectral density) L, 

S&mtiti t A, if ifSDL&VX. Eb/No # 1 0 d B <0#j£"eii. #&9J 

ISgti. t&3fct£gKJtffcLT, l«fia<»»}* , fr*?>-rifc* f -C**o 

(1-a) ^UDfiT*!), HAWUiOil)$t^LTV>4o Wb5?- 

Eb/NoiU 0dB«#i5Ti±, ^H^o^O^il, inm¥£) 

Ell OJi> i 5 C DMAtpgiOl 2 Hl^SOf i + t >-t 

-t loci CU£i$#i!l-e MO igLteffl-f.se: ti: 



WO 96/42146 



29 



PCT/JP96/01582 



V 3 0 3 Htt£&£*L& 0 ^*'J 3 0 311, ■^^^;U7>^r>^SKl 05i> 

KSfc-.L-C*iBi'4o B5 AOjl®^2 0 2 , 2 0 3 £«fctf2 

2 3 ifc, fii*Sf3 0 4 tt % EI 5 AOfiSIS 2 0 4 

£ ^^2 2 4 ^€'J 3 0 3 ^"b^^Hi^iXTtfetfcM-^ 

Sri»<b, ^F^M-^U-/'; *^^U 3 0 5 ji^M*tt$*L/ > : ; F$Ht-5§-l-'7''; 
* £$#-f<5o ICU3 1 Ofi, H5AOICU2 1 0 £ X V*m 5 BO I 
C U 2 3 0 CfcNS-f * tWC, 3 0 4 was^KttLT, ^ * 

RAKEM, i3«fct^FgMI-5g-l^'; #£j£*H?t U i&rfcfcT 
iif^'J **m^7l-*o - o LT, ICU3 1 Oli, 

HifeM 3 

13 1 1 ^!&W^J:*CDMAmP^g0^3llife^Hi3tt*. IC 
Urt©7';fh7^;^, PCHE n h -> >sK;i,^* ;f.;l/^iij3f 
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^fir-C^ 9 £ fc7&*!&|?t 4S„ f fcfe*>> HI 1 2 IC^i-^-f n y h yuy 

Mfi-5-i"<Ji'0 3 F*MfcK x 2>*v*)v<7 fefc^Wv-fv u 

C&v> 0 .1 *t <bO$t ^fit«:fflv>.& r i: \z «fc n y h > > **;K?>$r|. 

2 n y f v ttfcfS ^ ** ;WC o T <± ^ H 7 £ |WJ 

;M;:j3v>T<>, a-f t J c t i ? f £ 

Wattle J:*tldT, 1 '<-f n-;t-yn y ^^ffflTB K^^^^-f-^* ^ * 
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w<r>mi8L*w.w-rz>o mamma, ms Atm&x'$>& 0 

. mi li=*v>T\ A#iS^2 0 1 KBi3Dn**tfcSfllSfc*Mli, gfllfi 
*'J 4 0 3 £»S&**t* 0 > *'J 4 0 3 li, B12fll^n 7 f 

^■F7^?4i i i=tt»**m£#»$*L* 0 ataEtut-s-ii, iM4 i 

3, f-**>HgJfe»4 1 5, & iO^tW n >y b -7 U-A|S[»3aS4 1 9 fcft 

-f n y HMr-S&fefflU 1 7 n y h 14, n ? 

h 7 U-APM8S4 1 9 ^&OA-9-CJ:9T«iQ9P$tL«e 

Jf»BI«4 2 1 £<fc Wlf«4 2 3 fctt»3*L*„ n 7 hrn?^o 
tf-f**i{£gB4 2 5 K«M&**L % il®S4 1 3 SraofcatitftMK** 
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»«Sftfc#/<XO«i£tt«H§-#R AKE^&fflU 3 0 fctt»3*L*o R 

3feJfe#0 4 

**«3£*fTdfl*iS-ett> S£2 ^f-^f^O^f-V© I CU©AJi 

fc, SM-^Sr^JfCW-^f-^^flr-f-twfl-ll-Ci, RAKE-g-j£«8j!ga T 2& 
*fi9T**o L^Lfc**^ RAKE 33 T l± > 7*f/U«l^ 
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tLXm^X, S I R h iZft±Z-£Z Zo 

m i 4 14, ciw«t d 4#ioTi:^$n3tcDMASigtw, # i 

Xx-v ( i lt2&±.<D&&) Oika-fOICU*^fo 

:©ICU510-k#, i5Ai:^tlltiWOI CU210fcI 
^Ol I) T-*So 

(1) T^l^yj *^*Si55 0 5 ( 5 0 5 - 1 - 5 0 5 -Lk) £ 
*ffc»CR»t*:jfto -^T^ - /'; #Bfc*gB 5 0 5 14, g ^ * * t 

HI 1 4 Wf^iiS 5 0 4 - k 1^ B5 B «HF8ti*lt»2 2 4 K*ttSU 

gS5 0 4 -kJ4, gfl*«fc *>m<Dm 1 (k-1) a-f|:o v>TI4, 

X*)fe<Of£ (k+1) *»€»»M* •e<D^--9 r lwOV^TI±, lofltro^ (i 
-1) *-r- v-C^frfcT^y'; * fcMJdftflr**** L5I< 0 fft 

*SB 5 0 5 fctt*&S*L* 0 

"F^^y; 5 0 5 {4, S-^-v^;k^#-7;u-^/n-xcco^t, 1 

oiftcolg (i-1) ^•r-^-e#ibiX7 , i<tfe<^"r;i/^/N-^ w^F^V-y; * Sr N 

5 0 5 - 1 {4, m<n%i ( i - 1 ) X-r- <b*t/c, »2 

i^i^o-r^To^^^/N-^oT^uy; * Mitikfi-?- s 3 *&9iv* 

TSg-x.&i:, f^f-y«)ICUtltUfkf|Oa-f(0, Li £B 
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1 7-C#fetS:$tL-5> 0 HHCfiK, Lklia-f k^RAKE 

(2) #^-?^0#t£fcglS2 1 7<nt&t}Z, lXr-yOv^f/U$0 
f^l/r';*J:LT, 0 7 (5 0 7 - 1 - 5 0 7 -Lk) 

<bfctJ:fr1-£.So -tt^o^F^uyv ;)c©i (i + l) Xf-y*i:ft 

m 1 4 <d 1 c u-ei±, ^p^i^y; #i&*s&5 0 4j3.tu f 5 0 5 

(is I C U 5 1 0rt©?7f F7^nil ^OA^J^s-f-i: LT, 

£?>£gife08K .fctttf, »l*Jfc«fcJfc«LT A S I R £ & tw[pj±.$-^- 

gll 5{±, *3&l8KJ:*CDMA«P3£g<aSg5^iS0!!o, S£2*-r- 
y^fi+l-^t^O I C UO^gcSr^l-rn <y * m "C * 4 o 

[H l 5 K*+*5*Jfc«*«x 19 1 4 »c*1-fM**«i:J*fc*jftM:, JRI 
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um-r ?>o £mm*irw.j3&m&5 2 1 (521-1 - 521- Lk : 

fztlL, Lk fiR AKE^i^at) fi, ^-^^^tCi£4!2:tfcM-^0^-^ 

Sot LT*fe51k^l4o JbDl£S?5 2 3 li, mtf^mS5 2 1 <D&M 
RAKE<£j£W)U?-s*xfrfztfijanLX, R A K E &&.&.<n$:m 

M^^ti^^ w-niims 2 7-?**„ ¥-&it2titzmmm±. m 

W 1 6 AfciU* 1 6 B\±, $H§|CJ:JCDMASillIOf 6 1Ii 

f!«70^1 03, Ml"**** Hi SI 0 4 JSi^f 

810 5k, &2 X7--*J&&<DTm* J r >-t)l<%M 0 7 is £ If 1 0 81^ 

«itf:tfc«F-e-K:n«!Lfcia;ifc«F-5-i''/y * fc> Sfiitfifcflrs-s fcottHfctt 



WO 96/42146 



36 



PCT/JP96/01582 



^^^^m-r^o ^au 05 1±. s«i"</nfcaj&i o 

nit * z r * * * 9 > * > ^fll « * ta* * o 

12 1 6 AJ3 J: Zf 1 6 B Cdsv»T, v?f F7U^ 6 0 1 (601-1 
- 6 0 1 - k) l±, 

•r* 0 f 3 u u-* 6 o 3ti. i&mmy * t Lxmrn-tz 

fb7^H106t, V^^B 1 0 5 oT» 

6 0 1 *»e>«5fflr-9-*A^^^ h^t IT, Sv»tcT»lfe***t^:aja:lk^s 

fcttHJHto* • ^F$*£j£SB 610(610-1 - 6 10-k) li, 
HI5AOICU2 1 0*6T?f h7U^2 1 1 *Bfcv»fcflUS**r U 

£ (k + l) -»MJ---*fl=l« L-TIi, 05 Aic^t* 1 H*««)**(d 
g&53> BHStT-* Z> o i" ft *> *> > 11^ 2 0 3 , ^F^jRJtS 2 0 4 , * J: C 

ICU210H, « i *»«tH*t*4. :Ht, SM^i"**© 

7'; jfrfcJSfcU iOfiJE^p»ury **fflv»T»«)0 (M-k) a— V 
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-v (fHXf-y) O^F^^r * >-tr;i/§B 1 0 8 tt* #-3— ^ ©Mf- 

KO^TIttSefb&gfcfi^, fMl!if(0SIRJ[Pl±$*5o f3'J 
I'-* 6 0 3 C ifcifiasffcaaStt&WJ: 9 Uff -5. -f 7*3'; U- 

^ 6 0 3 ii, k^-^foffitJc^-tt^^i^^ 5 yrtfrb. &;<*<Dgm 

*HffHI«>i!tfTai*:tf-*L-C, Sflfi^i' fJHi^tSifcKiO, k 

#^(0if fcSMtSc L^ot, » 1 3.-lf0>#/<;*fc*fi-S=p 
8Mt-*tt* IS (k + 1) JL--f *feJI!Mi-1F©#/<**&©SHST?MB 
t^ttoT, S I R* ? FS]±i--So f3'Jl/-^ 6 0 3 •CttSMtfcfro 

^fl^ifcilSe, *-**A'a£fl*lflL RAKEMi5J:U f Tiil'7 ,, J*4^ 
£*f-5o d*L£> k^-^fO^F^l^7 p '; #J±, SIS (k + 1) i-fWICU 

2 1 o - ( k + 1 ) w^oa* fc 4 <9 , mi nmm t mm<omm* s nt> 

v^o^---if36 ? , ^fiJ-C^o/Co LfrL%&b^ 2|s:^ife^-ei±, S*Dtf)k 
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* & m 9 *t jfo <d >x & & iz m m -r z & h -c * * „ 

mi 7 A£5 «£ 1 7BI±, *&WK£Z>CDMAW.M ! &m<D$&7nmm 

S£^frLTV>£. -T^*?*>, 1 OO I C U *9ZfrMX*m.*)i&L 

*m.MM<7>Mj&& £ Wffl f± % fg 2 HM£ J: tr» 6 ^;8fe0|j#» b&%i\z 
SOT-, P>HB&l&ip!{i^lB&1-* 0 

H 1 8 Pl&HV 1 8 BU:*S&EK.fc<5>CDMAmfi^B<9gS8llife0ll£r 

(1) Ti*t>-b^gS7 00, 720J3J:U f 74 0©iffi^ m 4 <D 
T^^r^ >-t;ugB 106, 1 0 7S^1 08 oMiO ifgliHbStL-Cv* 
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019 A&XVl 9 BC/TtTit YV-fc^gBrt^ H 5 A IZTp-rTW* * 
>*)\sUtm%2>&tt. ICU710 (710-1 - 7 10-M) O 
-OICU71 Oli, ^ifiticm-f-Ofiffi^iftOffi^ • fit©* 
£Vr-?mfcZ'fft>%^ 0 H5AOICU2 1 0^<b % tit 

«l?t2 12-216 Sr*v»fcfl|jjc-C** 0 ICU710Ovy 

*tt*i-*o -Oj£&iMl^-{±, #2£tfcSB2 1 7Kfi«ft»S*l*. 3J£ 

iJDii:g2 1 8 fjU &'*X<D=F&m-Slrl'7>) *Oi^fnSr^*-5. 0 i*tjft«, a. 
2 1 1 TifctSMftL «%K??itflfc«2 1 7-CSi£Sc-f S-fcK«fco 

rt#Mt«i • RAKE-frjeiftstra«nftj&»7 50, 760^^^770^ 

ft**OICU*6, T8»**ft»S*tfcfl-f-Di(H), D2(H), — , Dm(H) 

#Mf PO • RAKE •aJj£#§*t|Bj$J$&iSt!!HS 7 50, 7 6 0*J:D f 7 7 0 C, * 
*t-T*LX:&$*L*. 4ft&8*7 5 0 ©«*JS fcttflstt, ft 1 HifeflljO I C U 2 
1 0 f*JO, 7?f h7U^2 1 1 *»?>^--^W56»2 1 5 i-C^fll^iS 

T*** >-fe->U§B 7 4 0 )J>f)if Di(H) GftlftzTy?- V7 4 fr* 1 5 
Hi, i ^Kffiffilfcl- So PCHE (/W n -7 h ->>jK 
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*>i^I&#ijeS&) 7 5 2 li. ^'fn-; J* v > **>Ka&*B^lfr £3f 

7 5 3 iWffiffiSS»*Jgg[*, /"C>f h->>aK 

f 1 -? *;H2*l^l&£}f5EU vyf h7-f 7 5 1 ©ffi*K*j-LT, £ 

flt*-*o RAKE 7 5 4li, tt**t«$*Lfc#^Xfl5«-^fc, #/* 

^0$fft*tI*J: LtRAKE^*t*. 7»- * 7 5 5 14, R 

AKE<S-J«S*L)fc«-3-**U}£LT, S4f , -^^ffl»tSo iHT, « 

tfBciJv^Tfi, ft 2 -X-r- J'O^S*** >-b)UU 7 2 # I C U 7 3 
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5 0 CA^ LTv>£ 0 

mmm 9 

i o 

Watfeidtw, DS -CDMAKi3V*TI±, #a«#li, 

i r M*a«ti*fT 3 &Ra«**o 

bJ#1±, Sil-eS I RfcfflSSU **Lfc*v» 

SfltltS I R SrWjgU «t*tfc g^SI Rttfc ©3SK*v> 

U7x-y^^i$ f dT (wit) *»minii-4Ko*LT, 
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»t*£fcfcfc(K *<Djc£$\t, -A^ffiMfifcfc <? „ Welti*** 
2 L * * > -fc ^tt* J ffl v> e> *t s e 

Wt>-t7i:ijs i Rfa±»**^r»c5Rifli-rj5fcje>fcii, ^8* 
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& y > # )V(7)*simmM. i & ti & v> 0 

TLi?„ 

*T9N (Nti2 &±tf>&&) Olff CWLT, #3^^ 

S I RM^gB8 0 2 tv* 1«7^^801 ©HiJ^S I R£il9 
^ti. 7A/fa-f^.t>-b5 8 0 3li, * * iu Ko i^T. 

=F8Mfc**:h.fc©-5-«:W ;&-*-*„ £ffiaKiHjg8|S 8 0 4 (±, 

W5gi-*o B^S I RI£^f|J8 0 5fi. MAKflO£ft8 
0 4tf>P>ffi:t7$*t*:£Mn D n M^ JirRSfcfiRfcJfcKLT, 45-*ir*/ufc 

kb«s i RUfcRsg-r*,, tpc (simftaufli) e y b 8 0 6 

li, S I R ffliJ^SB 8 0 2 *<9**&#Lfc£flS I R Sr. B £1 S I R fSSeSiS 8 
023 AJ3«fctf 2 3Bli, %m&%mfc&8 0 4 OPH^^trn y * 
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HI2 3AI4, 7 \s-2*m IJ^^ilO^LT, 
£«ffiK8lJ6»8 0 4 *ij*U IS2 3BJ4, ;^n 7 hy>*'j^i)$ 

mm&miz&mL-cBms i R£^sai-*o*B*ti-ot:: 

fi^rt>t7 8 0 3 OffifcKimaafcflK**-* U SflHCAMffil 
WIIS I R***IjE-*-*o LfcjFoT, Wt^t7 8 0 3 OftLgS 

EI 2 3 AKiSV^T, CRC^i-x^gB8 1 1 14, t jt--tf ^Fgs* v 
>-fc7 8 0 3 5*»t,tt»**LfcS&fif-^|C*ttT, CRC&£ (Cyclic 
Redundancy Ckeck) fcfr^o -f£:b*>, J: SiMtlMK:, £ 

^•9^«rffi^-r*o 7U-A«lJJ£ L&v»te»£«8 1 3 (±, 7 1/-A^ 

^OL|v>fh fcifctfcLT, MfiRiiF-t-fc** «, @ tl S I R 

t£^SB8 0 5(4. ClWfl-tCiotSilS I RfcflKEU «EE$*Lfc*m 
S I Rfcffifc-t 

0 2 3 Bi:^t, /<>f n h J: «£4IfiK9l£ffi 8 

0 4 <4, *OJ: n Izmf&Zfc&o d»;F 8 2 1 14, 

ff&gB8 2 2 t4, 7*f-i-Hff»*ir v 8 0 3 <btt* **LfcS« 
f-^^ibx uy h -> > ;i/ £ tfj L * n y h -> > tf/i'&ttffll 8 



WO 96/42146 PCT/JP96/01582 

45 

y\M n «y h -> y LI v»'II$&&Si5 8 2 311, /Wn?f*/># 

1"*o i^S I RiS:5£gB8 0 5 li, £ Ofg-^K «fc oT^ijl S I R £^iE L, 

-•f OiSfrStic^-tirffi^-t-So S I RiffJ5£S&8 0 2 14, j£i£fm-5§- fcfljv* 
T, S I R SriiO^-r*o — T^^-Jx-Hf =F#s*-r >-fev 

8 0 3J4, ^M&ScM-f-fcffl^T, T^8fc*S*ttt£&Si:M«:aft?-*o 

^ftSSH^SBS 0 4 14, mt^t7 8 0 3 5&><bm:tJ$;fcfc&i£ffc 

M-f-oaM°pgs:iB9^-r*o mfcztitzmm&nu. ems i ris^s&s 

HI 24 {4, 7-;f 1>7^1'^801 ©aj^tTi^ t>-t7 8 0 3 Oth 
* t Zit&Ltzm-?$>Zo EUS I RI8:5egB8 0 5 CiSilS I RO^ 
3ef4, >X<nX o \Zft£>tiZ> a 

( 1 ) g^S I RI4, Ti*t>t7 8 0 3 ICtS^F^M^J^^aii 
A,T, ^i^-r >t7 8 0 3 Offi^J^^tt^^flES I R Kit^Tteifc (C«t 

(2) >t7 8 0 3 <D=Fm^mtHi. H^IifftKlSCT 

(3) £ffia B nKm£*B8 o 4 &ftmLtzmms,%&, m&n&m^it^ 
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T K 14, g^s I R£Tlf*o :tLl:ioT, mm<7>Mfflfi,Wi 

(4) £*§n D pRiS!l5eg|5 8 0 4tfMfcLtzMm&ntf. WSOftR 

(5) ±ffi (3) is XV (4) ?> fc CioT, B$?S 
I R =f&* -V >-fc7 8 0 3 Offi#K:fcv>TBfrgO&Rri J ?i£$*L£<t 
KJRmS*-Cv»< 0 

T P C h£j£Si5 8 0 6 14, SI RiI0;tS8 8 0 2 * &jj £ ftfciffiJJe 
SIRt B^S I R SrJtttU fllT#^ s ±. HI -o T v> .5 § {±\ M«>4B¥< 

UttfB 1 1 

[22 5(4, J: * CDMAtm*tt *afflLfcflll 

( 1 ) t^^-j--^^^^ >-fe7 8 0 3 2: LT, Ilifefll 1 Cl/^'J * 

^ f - ^T^^ + > -t 7 Sri v^c 
(2) $# n c pRill5£S|5 8 0 4 t LT, III 2 3 Bi:^tAMn«y 
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«DM£»8 0 4 zm^tz&o 

*mmme>®ftte. mmm i , i o ±5*^1112 3 Bizm-tzfsiwfrbw 

0 3i±, Sfiwa*«Sftvwotc, ftlti^*iiti= 

4fc, fSf+t^-b? 8 0 3 tf>#*-r- S^iS^T, TSWS'i'^y **> 

1 2 
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